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This report  contains  the results of an Fnvostigation to determine 
from l inearized theory, which has recently becoms available, the dam- 
wash at supersonic speeds at the tai l  of the xs-1 airplane and the 
ef fec t  of the downwash on the elevator deflection required f o r  trim. 
The resu l t s  are presented In the form of c m e a  sharing the  variation 

of downwaah angle wfth angle of a t tack  and e l e n t o r  deflection . 

required  for  trfm plotted a g a d t  Mach  nurtiber. 

The average value acrogs the apan of the horizontal t a i l  (neglecting 

the fuselage) of L!.% is about 0.5 at a Mach number of 1.1 and decreaws 

r a g i d l y   t o  a value of about 0.08 at .a Mach number of 1.4. The valuf: of 

da 
the poss ib i l i ty  of a very slight amount of upwash i n  the Mach nmber 
range from 1.9 t o  2.2. Above a Mach number of.2.2 the Mach cones f r o m  

the wing t i p s  are outboard of the t a i l  surface0 and i n  thr; BWC: Y; 

da 

- dE then  gradually  decreases t o  0 at a Mach n&r of about 1.9 with 

if t b  tail were in two-dimensional f l o w  is, J-E = 0). da 

The calculations  Fndicate that increasing  uwlevator   def lect ion 13 
required with increming Mach number (matable  var ia t ion)   in  love1 flight 
between Mach nunibera of 1.1 and 1.6. A slight reduct ion   in   uwlava tor  
deflection  occurs 'between Mach numbers of 1.6 and 2.0. ' i h ~  a l e b i l i t u r  angle 
has a similar variation, that is, unstable up to a Mach number of about 
1.6 and then becoming s l igh t ly  stable up . t o  a Mach nzmibsr of 2.0. The 
reduction of downwash with increasing Mach number is not the main cauot? 
of the increase in umlevator   def lec t ion .  The main reasons for t h i o  
trend are that the  pitchingmment  coefficients due t o  the w i n g  camber, 
the wing lift, and the liFt of the stabilizer are all i n  a noue-dom 
diruction, and as the Mach number increases, these pitching+nomnt emf" 
f ic ionto apparently decrease less rapidly than the elevator  affoctiveneos. 
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Any information that can. be used t o  .predict the &abi l i ty  and 
control changee of an a- at supersonic speeds is urgently needed 
at the preeent time. This petper preaente the variation of downwash 
with angle of attack at supersonic apeecla f o r  the -1 airplane. This 
variat ion wa0 obtained by applying  several siq@ifying aesumfiiona t o  
Lagerstrcan's linearized4heory  calculatione for the downwash of three- 
dimensional lifting xlnga at supersonic speeds. Several curves shoving 
the estimated  variation of .elevator deflection required for trim with 
and without the effect of downwash are presented t o  give an indication 
of the effect of downwash on the longi tudkd  Btabf l i ty  and control of 
the airplane. 

SYMBOLS 

C mo 

d6 
da 

it 

% 
2 

M 

pitch-nt coefficient of the ving-fuselage canbination 
about its aerodyna&c center (%J 

variaticm  of doMva8h nith angle of attack 

Mach  number 
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Q dynamic peesure 
s surface area, sgUa3.e feet 
X distance f rom center of gravity t o  aerodym&c  center of 

wing-fuselage combation  (positive for aerodynamic 
center ahead of c . g. ) 

Subscripts: 

t 
W 

e 

t a i l  
wing 
elevator 

Calculations of t h e   m i a t i o n  of darnvash at the ta i l  with angle of 
attack were made using reference 1. Theoretical calculations based on 
the linearized theory of supersonic flow are presented in reference 1 
for the downwash at supersonic speeds of t r agezo idd  wings and rectangular wings. Since no cdcula t ims  were presented f o r  a tapered wing eimilar 
to the wlng of the xs”l a-, a rectangular wing of the aams area  
and spas was a s m d  in this investigation. 

The data of reference 1 for  the  trapezoidal wings with tips cut off 
along the inboard edge of the Mach cones fKun the t i p  are more 
camplete than those for the  rectangular Kings. It was found by ccmgaring 
the curves of reference 1 for the case in xhich the tail wa8 In the plane 
and infinitely far behind the wing that the downwash WE almost identical 
for both types of wings provided the span of the trapezoidal wing wae 
taken  slightly  larger than the span of the  rectangular wing. For this 
reason the mre complete data for the  trapezoidal w3ng were used as an 
aid in fairing  the curves wed to estimate the dawnwash at the t a i l  of 
the XS-1 airplane. 

A three-view drawing is presented in figure 1 showing the pertinent - 

dimensions and characteristics of the xs-1 a”. Figure 2 presents 
the theoretical  variation of with Mach m b e r .  TAe values of a a  
presented  are average Balues over the semiepan o f  the horizontal t a i l .  
It is elcpected that the actual downwash at supersonic Spee3d8 wlll be loss  
then  the  theoretical value below a Mach nlzaiber of about 1.1 and w i l l  fa f r  
i n t o  the subsonic valuee. Above a Mach number of 2.2 the Mach cones from 
the wing tips are outboazd of the tail surfaces and gf I S  the BB 

if the t a i l  were in t e n s i o n a l  flow is, uda= 0). 
da 
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The elevator  deflectiona  required  for- trim were computed by equating 
the p i t c h h g  mmu3nts of' the airplane t o  zero  about i t s  center of 
gravity ( 0 . 2 F )  using the following r e h t i o n :  

Figure 3 presents the assumed variation  with Mach llumber of the 
pitching.moment coefficient the l W u r v e  elopes  for the ving c%' 
and t a i l  C , and the elevator  effectivenesa C . The 

h e  
experimental  curves at subsonic speeds- were a rb i t r a r i l y  faired into the 
theoretical  curves at eupereonic speeds as shown by the dashed line6. 
The experimental subsonic va lues  were used as aa a i d  in  fairing the 
values near a Mach number of unity, as it is generally accepted that the 
linearized-eupersaic-flow theory i s  not applicable in the Low eupreonlc 
range of Mach numbers. The experimental values of and CL were 

obtained  from reference 2. The experFment8.l values of C were  obtained 

from reference 3.  The p i t c h i n g w n t   c o e f f i c i e n t  at zero lift about  the 
aerodyaamic center C was calculated fram the formula &en in reference 4 

which is based on the linearized theory  for tensional flow. The. 
supersonic values of C were  calculated f3mm the following relatian: 

Q.t 

%e 

mo 

L, 
I 

The valuee of c at suprsonic  speeds were calcfiated f r o m  reference 3; 

however, these value's w e r 6  found by comparison u i t h  unpublished 9xper-n- 
tal data t o  be  about 50 percent too high at all Mach numbers. The values 
of c wed herein were reduced  accordingly. 

%e 

An average subsonic value f o r  the aerodynamic center of the wing- 
fuselage combination of 5 percent of the man aerodynamic chord  obtained 
from wind4unnel tests wae shifted rearward t o  30 percent of the mean 
aorodynamic chord f o r  supersonic  speeds. The rearward shift of the aer- 
dynamic center of the wing alone is shown by theory t o  be somewhat lese 
than 25 percent of the nrSan aerodymdc chord. The relative deetabilizing 
effect  of the  fuselage  decreases .at supereanic ~pedEl,, howeqer, because 
of the  disappearance of upwash ahead of the-wing. The value assumed for 
the aerodynamic4enter  location was intended t o  account for this effect .  

. - . . . - - 
* #  
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More detailed  estimation of this quantity was not t h o a t  t o  be justified 
because accurate  theoretical  treatment of a "lage conibination in  
supersonic flow is not  available. The angle of attack of the wing for 
zero l i f t  was assumed to be zero. The w i n g  incidence was taken  as 2.5O. 
The effect of the l.Oo tvist of the xs"1 wing and. the interference of 
the wing body were neglected. The asgle of attack of the tail used in 
the   p i t ch inwmnt  equation  includes a constant 2O downflow: It is 
believed that this downflow exists because of the flow around the fuselage. 
The 2O downflow was' found from WTnd-tunnel data to occur at subsonic 
speeds. The sam value has been assumsd t o  e x i d  at eupersonic speeds 
since theory  indicates that the angle of flaw in the  region of the tail 
is  very similar at subscmic and supersonic weds.  

Figure 4 presents two pairs of computed curves of the  elevator- 
deflection  variation  with Mach nuniber. One pair of curves is for level- 
fl i&t lift coefficients  with and without the effect of  downwash and the 
other pir of curves is  f o r  a COnShnt l i f t  coefficient of' 0.27 with and 
without the  effect of downwash. A l l  the  cmputed curves of elevator 
deflection a m  for a stabilizer incidence of 2.2O lea- edge up, a 
wing loading of 80 pounds wr square foot, and a pressure altitude 
of 49,000 feet. 

The calculations  indicate an &table variation of elevator deflec- 
tion with Mach  nuniber (increasing upelevator  .&flection is required 
vith increasing Mach nm3er) in  level f l i& between Mach nmibers of 1.1 
and 1.6. After a Mach m e r  of about 1.6, there is a slight reduction 
i n  the amount of up elevator required up t o  8 Mach nEnnber of 2.0, which 
is the  extent of th i s  investigation. The vmiatfon of stabilizer 
incidence for trim (6, = O.Oo) with Mach nuniber I s  presented in figure 5 
and indicates that the variation is  unstable in the Mach  nuuiber range . 
f r o m  about 1.1 t o  1.5 and then becomes slightly stable in the Mach number 
range from about 1.5 t o  2.0. The calculations also show that the  reduction 
in downwash with i n c ~ ~ a ~ i n g  Mach nuaiber is not the main came of the 
increase in upelevator  deflection. The m a i n  reaeane f o r  th i s  trend are 
that the pitching+mment coefficients due t o  the WLng c d e r ,  the wing lift, 
and the l i f t  of the  stabilizer are all in a noee4own directfon. AB the 
Mach  nuuiber increases  theae  pitching+mmnt  coefficients  apparently 
decrease less rapidly than the elevator  effectiveness. 

It appears that in level flight a t  a pressure altitude of 49,000 feet  
with a w3ng loading of 80 pounds per-square f o o t  and a etabilizer 
incidence of 2 20 (lea- edge  up) the up elevator of U. oO. 
will be reached a t  a Mach  number of about 1.6. Ample stabilizer 

deflection may be  reduced t o  zero a t  any desired W h  nuuiber. Under the 
8 travel is available, howmer, t o  change the trim so that the  elevator 
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conditions  stated previomly, but by w e  of a FmW.ler s t a b i l i z e r  incidence, I 

it appears that level f l i gh t  could. bqnaainterfned with  the  elevator  travel 
available frcM a Mach number of 1.3 t o  2.0. 

Langley Aeronautical Laboratory 
National Advisory Ccarnnittee f o r  Aeronautics 

Langley Field, Va, 
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Figure 1.- Threeview drawing of the XS-1 airplane Nth pertinent physical characteristics. All 
dimensions in feet. 
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Figure 2.- Theoretical variation of the downwash parameter 2 with Mach 
du 

number for the XS-1 airplane. 
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Figure 3.- Variation with Mach number of the l i f t - cme  slopes of the wlrg and tail, elevator 
effectiveness, and the pitching-moment coeftlcient about the aerodynamic center  for the XS-1 
airplane, 



. . . . . . . . . . . . . . . . . . . . . . .. .. . . .. 

Figure 4. - Variation with Mach number of elevator deflection required for trim. Stabilizer incidence 2.2' 
leading edge up; pressure altltude, 49,000 feet; wing loading, 80 pounds per square foot. 

. . . . .  . . . . . . . . . .  
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Mach Number 
Figure 5.- Variation with Mach number of s t a U e e r  incidence required for trim In level flight. Elevator 

deflection, O.Oo; pressure altitude, 49,000 feet; wing loading, 80 pounds per  square foot. 
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